Introduction
Influenza virus, a negative stranded RNA containing virus of orthomyxoviridae family, is perhaps the best paradigm of protean virus, whose genome is a subject of continuous changes in terms of genetic shifts and drifts (Reid et al. 1999; Ha et al. 2002) . Three major types of influenza viruses (A, B and C) have been categorized on the antigenic nature of their internal proteins namely nucleoprotein and matrix protein. However, it is the influenza A virus, which is considered a major source of human morbidity and mortality (Crosby 1989) . On the basis of sequential variations and consequently antigenic heterogenicities found in two structural proteins, i.e. hemagglutinin (HA) and neuraminadase, the influenza A virus has been further categorized into 16 (H1-H16) and 9 (N1-N9) antigenic types, respectively (Ha et al. 2002; Stevens et al. 2006) . However, historically, the H1 strains of influenza A virus have proven themselves as most obnoxious, H1 influenza strain caused 1918 pandemic, killed 20-40 million people in a span of less than a year (Crosby 1989) . Even after the resurrection of this fearsome 1918 flu virus and the undertaking of its complete genome sequencing, the extensive mortality rate of this virus has remained still a mystery (Reid 1999; Stevens et al. 2004 ). As HA is the primary target of host antibodies (Bush et al. 1999 ), many studies have been focused to unravel the structure and function interrelation ship of HA protein of 1918 virus in order to decipher the exceptional lethality associated with it (Reid et al. 1999; Gamblin et al. 2004; Stevens et al. 2004) . HA is a glycoprotein, involved in the initial attachment of virus to human cells via sialic acids receptors of cell surface glycolipids and/or glycoproteins (Skehel & Wiley 2000) . Furthermore, HA is also responsible for internalization and membrane fusion events during the infective cycle of the virus . The mature HA is a homotrimer, each monomer is synthesized as a single precursor polypeptide (HA0), which then gets cleaved by host-coded protease into two chains: the chain A (HA1) and the chain B (HA2) (Wiley & Skehel 1987) . It is HA1, which is mainly involved in the receptor binding, whereas HA2 is primarily involved in membrane fusion activities (Shangguan et al. 1998 ). To date structural information of HA of all the three influenza viruses A, B and C have been reported, for instance HAs of human H3 (Wilson et al. 1981) , swine H9 (Ha et al. 2001 (Ha et al. , 2002 , avian H5 (Ha et al. 2001 (Ha et al. , 2002 Stevens et al. 2006) , H1 of 1918 influenza virus (Gamblin et al. 2004; Stevens et al. 2004 ), HA1 of influenza B (Tung et al. 2004; Wang et al. 2008 ) and HA-esterase fusion protein (Rosenthal et al. 1998) . This repertoire of studies strongly indicates the importance of HA in the infectivity and pathogenesis rendered by the virus.
Ironically, the genetic drift and shift are continuing, and has caused the emergence of a new strain(s) of H1N1, a swine flu virus that is the etiological agent of the recent pandemic of swine flu. As of 27 November 2009 more than 200 countries have been inflicted with the swine flu including more than 622,000 confirmed cases and more than 7,800 deaths (World Health Organization 2009, http://www.who.int/csr/don/2009 11 27a/en/).
In the present study, comparative sequential variations of HA1 of current influenza virus (swine flu virus) have been illustrated with its ancient counterparts, influenza virus strains of 1918 (human influenza) and 1930 (swine influenza). The findings have also been extended to the tertiary structure level by constructing the homology models of HA1 of 2009 influenza virus and comparing it with the same versions found in 1918 and 1930 strains. It is expected that the present study will explicate the receptor specificity, congruencies and dissimilarities in the architectural attributes of HA1 of recent influenza strain with its ancient versions. The study could further be exploited to elucidate the potential drug targets and development of vaccine against the current propagating influenza strain. To the best of our knowledge, this is the first direct report on the structural analysis of HA1 protein of 2009 swine influenza virus using the protein homology modeling tools. (Wheeler et al. 2005) . Primary and tertiary structure homologues of the above-mentioned proteins were detected using program FASTA (Pearson 1990 ) and BLAST (Altschul et al. 1997) . Multiple sequence alignment was generated by default parameters of the Clustal X program (Thomson et al. 1997) . With some non-redundant manual modification, the alignment file was analyzed using GeneDoc (Nicolas et al. 1997 ) and visualized by CLC Sequence Viewer 6.0.2 (http:// www.clcbio.com/index.php?id=28).
Methods

Multiple sequence alignment
Glycosylation site
Glycosylation sites were predicted using Center for Biological Sequence server (http://www.cbs.dtu.dk/services/) (Hallin & Ussery 2004) .
Homology modeling
As templates, the crystal structure coordinates of HA1 of 1918 flu virus (PDB code 1RD8) ) and of 1930 swine flu virus (PDB code 1RUY) (Gamblin et al. 2004) were retrieved from Protein Data Bank (PDB) (Berman et al. 2000) . The tertiary structure models of HA1 of 2009 swine flu virus were constructed using Geno3D (Combet et al. 2002) and SWISS-MODEL (Schwede et al. 2003) with the manual input of PDB code of both the templates.
Tertiary structure analysis
The constructed models of HA1 of 2009 swine flu virus were viewed by Swiss PDB viewer (Guez et al. 1997 ) and Accelrys Discovery Studio visualizer 2.0 (http://accelrys.com/ products/index.html#drugdiscovery). The structural and thermodynamic stability of all models were checked using Swiss-PDB viewer, PROCHECK, Whatcheck (Laskowaski & Kato 1980), ANOELA (Melo & Feytman 1998) and Verify3D (Elsenberg et al. 1997) . Folds in the modeled protein were detected from 3D-PSSM algorithm (Kelley et al. 2000) .
Result and discussion
Sequence analysis
Multiple sequence alignment of 2009 swine flu virus HA1 showed 84.83% and 93.14% homology with the same proteins found in 1918 and 1930 flu virus, respectively. The sequence similarities and/or differences were found more or less homogenously distributed in all the functionally different regions of proteins namely the fusion domain (FD), receptor-binding domain (RBD) and vestigial esterase domain (VED). Notably, 58 sites were found with substitutions across all the three sequences where more precisely at least one sequence showed amino acid substitution (Fig. 1) . However, in terms of biophysico-chemical characteristics of residues, around 50% of these substitutions are iso-functional in nature; they may not thus render significant effect on the protein structure and/or function. For instance, HA1 sequence alignment of 1918 and 1930 influenza viruses exhibited 52 and 43 substitutions, respectively, with HA1 of 2009 strain, out of which 24 and 22 were found isofunctional, respectively (Fig. 1) . As HA1 is the primary target of host antibodies and to date at least 5 epitopes have been described (Bush et al. 1999) . The increasing differences among the HA1 protein of 1918 to 1930 flu virus and subsequently to 2009 influenza strain may be inferred in terms of ongoing genetic reassortment in order to evade the selective pressure exerted by the host immune arsenals (Reid et al. 1999) . Other studies also support this notion where it has been observed that vaccine efficacy varies substantially from year to year, depending on the antigenic distances between the circulating influenza strain and strains used in vaccine preparation (Deen & Pan 2009 ). On the basis of earlier crystal structure coordinates of HA1 with ligand, 16 sites have been stipulated to mediate the receptor binding of HA1 protein of influenza virus (Reid et al. 1999; Kovacova et al. 2002; Gamblin et al. 2004; Stevens et al. 2006) . Interestingly, the HA1 of both 1918 and 2009 strains were found identical in this connection, however, two substitutions were observed when compared with 1930 swine influenza virus HA1. Briefly, Tyr98, Thr136, Trp153, His183, Asp190, Leu194, Tyr195, Gln196, Glu216, Pro221, Lys222, Gln226, Ala227 and Gly228 were found conserved in all the three proteins. However, variations were clear at position 193 where both 1918 and 2009 HA1 showed presence of serine in contrast to asparagine found in 1930 strain. Similarly, again in both 1918 and 2009 strains the aspartate was found present at the position 225 instead of glycine, which was detected in 1930 virus HA1. Such changes are substantially significant to define the receptor specificity of the virus (this will be discussed later). However, it is worth mentioning here that the later substitutions (Asp/Gly 225) have also been noted among the five resurrected strains of 1918 influenza with the ratio of 3:2 (Reid et al. 1999; Gamblin et al. 2004) .
Both mammalian and avian species have membrane-linked sialic acids, which offer binding sites for HA1 of influenza virus. However, subtle differences in the binding configuration exist between these taxonomic groups, as birds have α-2,3 linkage (Nobusawa et al. 1991) , while mammals predominantly have α-2,6 linkage with sialic acid (Rogers & D'Souza 1989; Couceiro et al. 1993) . Since both swine and human influenza viruses have been largely proposed of avian origin (Kanegae et al. 1994) , cross species transfer essentially requires changes in the binding specificity. In this connection presence of the Asp/Glu and Asp/Gly at positions 190 and 225, respectively, has proven vital for defining the receptor and consequently host speci- ficity of the influenza virus (Reid et al. 1999; Stevens et al. 2006) . Depending on the type of HAs, different mechanisms have been adopted by the human viruses to triumphantly undertake the cross species transmission. Among human viruses with H2 and H3 types HA, Gln226 is substituted with Leu226, while Gly228 substitutes Ser228 (Connor et al. 1994) . Conversely, HAs of human H1 retains both Gln226 and Gly228 but possess Asp190 and Asp225 which substantially increases the binding specificity to α-2,6 ligand (Rogers & D'Souza 1989) . In the present study it was observed that HA1 of 2009 and 1918 influenza strains have Asp190 and Asp225 suggesting their complete specificity to α-2,6 linkage which are only found in humans or swine. Intriguingly, in the old classical 1930 swine flu strain, Asp225 is substituted with Gly225. This substitution may hamper its specificity to α-2,6 type linkage for α-2,3 type linkage which are abundantly found in birds enteric tracts (Ito et al. 1998 ) but are also observed in swine trachea (Rogers and D'Souza 1989) . Considering these observations, despite more discrepancies in the sequence alignment, 2009 swine flu strain is closer to exceptionally virulent 1918 strain in terms of their receptor-binding specificity and possibly species transmission. As established, genetic reassortment among influenza virus strains of different origins is the major phenomenon involved in the emergence of new strains of influenza virus, the present findings implicates that current swine flu virus is genetically well contributed with human associated influenza viruses rather than swine origin viruses. This notion is further supported by the earlier findings, which have concluded on the note that the infected swine do not survive to the extent to exert immune selective pressure on the virus rendering to the slower genetic drift in swine as compared to humans (Sugita et al. 1991 ).
Furthermore, it has recently been concluded by different means that the recent influenza strain is possibly the product of triple reassortment of two circulating strains namely swine influenza that is found prevalent in North America since 1998 and H1N1 strain that is existing in Europe and Asia (Kingsford et al. 2009; Smith et al. 2009 ).
Glycosylation sites
Some glycosylation sites have been proposed necessary for the biological activity of the HA1 (Schulze 1997) . With some positional differences, as compared to 5 predicted glycosylation sites in both 1918 and 1930 influenza strains, 6 such sites were predicted in 2009 strain. However, in all proteins only 4 were juried to cross over the threshold level (Fig. 1) . Moreover, the additional glycosylation site of HA1 of 2009 strain was found located towards the C-terminal cytoplasmic tail, which is unlikely to be glycosylated because of the reducing environment (Stevens et al. 2006) . It is suggested that increase in the glycosylation sites are the important post translation modification, which the HAs have to undergo as a part of adaptation and apparently involved in the masking of antigens (Reid et al. 1999; Wang et al. 2007) . Retaining the same number of glycosylation sites may also be inferred, as the additional glycosylation site has no necessity for efficient viral replication in the host at least in humans (Reid et al. 1999) .
Overall structure Holistically, the protein structure of HA1 monomer could be segregated into two basic components: (i) the extracellular globular domain, which is mainly involved in the substrate binding and contributes toward antigenicity of the protein; and (ii) the stem domain which comprises distal cytoplasmic end. The stem domain is constituted by residues found both in the N-terminus and the distal end of the C-terminus. The overall structure of the modeled HA1 mainly found to contain β-pleated sheets particularly at stem domain. However, intervening 4 α-helices were found in the HA1 of 2009 strain. Comparable structural elements were also observed in both structures of HA1 of 1918 and 1930 influenza strains (Gamblin et al. 2004; Stevens et al. 2004 ). (Fig. 2) . The selected tertiary structure model of HA1 of 2009 influenza strain was deduced to contain the free energy of -14099.80 kcal/mol. Moreover, Ramachandran plot assessment also referred that 99.6% residues of modeled HA1 were in the acceptable range of φ and ψ angles. Ramachandran plot values are often considered as good indicator of quality of tertiary protein structure (Wilson et al. 1998 ). Conclusively, considering the size of proteins, the free energy and Ramachandran plot values strongly imply to the structural and thermodynamic fidelity of the modeled protein. Additionally, as reflected by the RMSD, more holistic structural resemblance between HA1 of 1918 and 2009 viruses supports the inference drawn using multiple sequence alignment.
Receptor (ligand) binding sites
The receptor-binding sites and/or residues of HA1 have been reportedly located at the membrane distal tip. Structurally, in HA1 of all three strains (1918, 1930 and 2009) , the residues responsible for binding with the ligand were found more or less confined to three conserved secondary structural elements namely 190 helix (residues 190-198) , the 130 loop (residues 135-138) and 220 loop (residues 221-228) (Gamblin et al. 2004; Stevens et al. 2006) . In addition to the receptor-binding residues found in the mentioned regions, some residues like Tyr98, Trp153, His183 and Glu216, which were not the part of these conserved secondary structural elements but considered to be involved in binding with sialic acid molecules, located on the host cell membrane (Gamblin et al. 2004; Stevens et al. 2006) . However, it is important to note here that spatially all these residues were situated in a way that they allowed the development of a central region and/or cavity to surround the ligand (Fig. 3) . Consistent to the whole structure, spatial orientation of receptor-binding residues of HA1 of 2009 and 1918 influenza virus (human) resembled more to each other than 1930 (swine) HA1. This fact was conspicuously indicated by the superimposition of the residues of all three proteins over each other. Indeed, the RMSD deviation between 1918 and 2009 influenza strains was found as 0.98Å compared to 1.29 A found between 1930 and 2009 influenza virus strains. Moreover, the cavity as developed by the RBD was also found more similar in terms of topology and peripheral electrostatic potential in HA1 of 1918 and 2009 strains (Fig. 4) . Considering the orientations of the residues it could be inferred that the Asp190 may not be involved in the binding with the sialic acid, however, its conservation among all H1 influenza strain (Raymond et al. 1986 ) implicates its functional role. In the light of previous findings (Gamblin et al. 2004) cleaved into two chains HA1 and HA2 by host-coded protease at the earlier phase of pathogenesis (Wiley et al. 1987 ). The hydrolysis is stipulated to occur at Arg327/329 however, being spatially influenced by Asn20 and Asn34 ). Similar to whole structure and RBD, the spatial orientation of those residues was found more similar in HA1 of and 1918 strains as compared to 2009 and 1930 ). This provides another value to the earlier inference regarding close relatedness between human associated influenza viruses (1918 and 2009) than swine related virus (1930).
Fold recognition
As anticipated most of the folds present in the HA1 of swine influenza virus were found similar to folds present among other HA1 structures of influenza viruses including 1918 and 1930 strains. However, quite interestingly with relatively less sequential identity, some folds resembled the glutamate receptor (21%), Epstein-Barr virus receptor (19%) and cupredoxins (13%). This resemblance with the unrelated proteins may be inferred in terms of continuous genetic drift and shift in the HA1 gene (Reid et al. 1999 ) and presence of VED (Rosenthal et al. 1998 ).
Conclusion
Modeled structure of HA1 of 2009 swine flu virus is substantially conserved with the crystal structure coordinates of HA1 of 1918 and 1930 strains. Multiple sequence alignment has shown more or less homogenous conservation both holistically and among the parts of FD, RBD and VED in all the compared proteins. Importantly, the overall tertiary structure, protease cleavage sites and the RBD of 2009 virus HA1 is more similar to 1918 strain in terms of primary and tertiary structure. Briefly, as compared to HA1 of 1930 swine influenza virus, 2009 influenza virus HA1 has shown greater resemblance with 1918 strain. This strongly suggests a closer relationship of recent circulating flu strain with its 1918 (human) counterpart rather than with the swine influenza virus, as generally being translated, unfortunately, by the designated misnomer swine flu. However, we understand that the evolution of viruses, particularly members of orthomyxoviradae must be taken holistically instead of a single protein and/or its part. Further studies in this connection with neuraminadase are underway and will be reported shortly.
